In this note, it is briefly discussed the accelerator design and start-to-end 3D macro particles simulation (using ELEGANT and GENESIS) of an X-band RF driven hard X-ray FEL with LCLS injector. A preliminary design and LiTrack 1D simulation studies were presented before in an older publication [1] . In numerical simulations this X-band RF driven hard X-ray FEL achieves/exceeds LCLS-like performance in a much shorter overall length of 350 m, compared with 1200 m in the LCLS case. One key feature of this design is that it may achieve a higher final beam current of 5 kA plus a uniform energy profile, mainly due to the employment of stronger longitudinal wake fields in the last X-band RF linac [2] .
Overview and Accelerator design
LCLS is the world's first hard X-ray FEL in routine operation, providing soft and hard X-rays to its users with good spatial coherence at wavelengths from 2.2 nm to 0.12 nm by varying the bunch energy from 3.5 GeV to 15 GeV [3] .
Design and beam dynamic studies are performed for several X-band RF driven hard X-ray FEL drivers [4] . A low-charge hard X-ray FEL design [5] employs all X-band photoinjector and RF linac, which is optimized for a very low bunch charge of 10 pC and an average SASE FEL power over 10 GW in a pulse length of 5 fs (from start-to-end simulation) (in a short undulator length of 20 m). Thanks to the small 3D emittance associated with the low bunch charge (short initial bunch length from photoinjector etc.), a linear bunch compression is achieved in two stages of bunch compressors without the assistance of harmonic RF linearization.
A second hard X-ray FEL design also features all X-band photoinjector and RF linac, but is dedicated for a normal bunch charge of 250 pC [6] . The longitudinal phase space linearization is done in its first stage bunch compression with a specially designed bunch compressor which is composed of dipole, quadrupole and sextupole magnets. From start-to-end simulation using computer codes ASTRA [7] , ELEGANT [8] and GENESIS [9] , it is shown that this FEL achieves an average SASE FEL power over 30 GW in a pulse length of 50 fs.
Both the above two hard X-ray FEL design achieve a shorter SASE FEL saturation length, due to a shorter undulator period and a weaker undulator field. It is also noted that the low-charge hard X-ray FEL design [5] achieves a better final beam quality than the LCLS case.
Analytical and numerical simulation studies show that the tolerance (charge and timing jitter, transverse misalignment) is acceptable for both above two hard X-ray FEL design [5] [6] .
Sketch of this compact (<300 m) hard X-ray FEL driver using X-band accelerators plus LCLS injector is shown in Figure 1 below. As mentioned above it employs LCLS injector, which means that to the point of BC1 end it is exactly the same as LCLS. The only difference is that the S-band RF in linac2 and linac3 is replaced by X-band RF. BC2 design is similar as LCLS, at a beam energy of 4.3 GeV. For a bunch charge of 250 pC, the initial RMS bunch length is 690 µm from the S-band photoinjector. It is compressed to a final RMS length of either 6 µm (3 kA peak current) or 4 µm (5 kA peak current).
Optics design
The optics design of the linac, the bunch compressors and the matching sections are done in MAD8 [10] and then converted to ELEGANT [8] . The TWISS parameters of bunch compressor one (BC1) and two (BC2) are shown in Figure 2 below, which are similar with LCLS BC1 and BC2 (transverse phase space matching to minimize CSR induced transverse emittance growth). The start-to-end TWISS parameters of the overall accelerator are shown in Figure 3 . An average beta function of 10 meters and 20 meters are employed in Linac2X and Linac3X, respectively, to minimize both dispersive and wake-fields-induced transverse emittance dilutions.
ELEGANT simulation
The beam dynamics simulation in the photoinjector is performed in ASTRA [7] , and then a dumped beam is taken as the initial beam in ELEGANT simulation. First, second and third order optics effects are included in ELEGANT simulation, as well as all the collective effects, such as space charge effect, incoherent and coherent synchrotron radiation, transverse and longitudinal wake fields.
The RMS bunch length and transverse emittance evolution along the accelerator are shown in Figure 4 , with the comments listed in its caption. The longitudinal phase space before and after the X-band linearizer are shown in Figure 5 , at a beam energy around 250 MeV (before BC1).
The longitudinal phase space and beam current profile are shown in Figure 6 at the end of dogleg transport line, BC1 and BC2. A bunch compression ratio of 14 and 10 (for 5 kA final beam current case) could be achieved in a first and second stage bunch compression, respectively. The final beam current can be pushed to above 5 kA. The higher peak current at two ends (double horn) is due to compression with larger energy correlation (chirp) from longitudinal wake fields in Linac2X. There is a similar effect in the LCLS case.
Electron beam properties at the end of Linac3X of this X-band driven FEL driver are shown in Figure 7 from ELEGANT simulation, including longitudinal phase space, longitudinally sliced energy spread, current profile and longitudinally sliced emittance. A similar plot is shown in Figure  8 for LCLS case. It is observed that the final beam current is over 5 kA in this X-band driven FEL (3 kA for LCLS), and the sliced transverse emittance is similar with LCLS.
GENESIS simulation
The electron bunch distribution generated from ELEGANT simulation is then fed into an undulator system, and the associated FEL performance is simulated and evaluated within the code GENESIS [9] . Same undulator setup is adopted for both this X-band driven FEL and the LCLS, which are described below. An ideal undulator is designed to have a short period of λ w = 1.5 cm, and the undulator strength K is chosen to tune the resonant FEL wavelength being λ r = 0.15 nm, given the centroid energy of the electron bunch chosen at 14 GeV. No nonlinear magnetic field is included for the undulator model. No undulator tapering is adopted.
A comparison of the simulated FEL performance is shown in Figure 9 and Figure 10 below. As expected, this X-band driven FEL achieves a shorter FEL gain length, a higher saturation power and a higher FEL power at same undulator length (benefiting from a higher peak current of 5 kA), than the LCLS case.
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